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ABSTRACT
Despite its great relevance as an indicator of change in soil quality conditions, 1 3 7Cs redistribution has not been widely suggested
for inclusion in minimum data sets for soil quality evaluations. In part, this is due to a perception that its high variability precludes its
use. 1 3 7Cs typically has a coefficient of variation of about 20% in the reference sites used to estimate redistribution in disturbed lands-
capes. Recent studies on changes in soil quality indicators (including 1 3 7Cs) in Saskatchewan, Canada and nort h e a s t e rn Ghana indicate
that the variability associated with 1 3 7Cs in both reference and cultivated sites is ve ry comparable to that for other, commonly measured
indicators of soil quality such as organic carbon and soil nitrogen. The sampling requirements for 1 3 7Cs are ve ry similar to these other
p r o p e rties (i.e., 15-30 samples per sites are required for accurate estimates of central tendency) and hence its variability should not pre-
clude its adoption as a soil quality indicator. 
Key Wo rd s : Soil va r i a b i l i t y. Coefficient of variation. Sampling.
I N T RO D U C T I O N
The concept of sustainability has become perva s ive in
the current research (and funding) environment. After the
adoption of the concept as a "guiding" principle, a need
arose to develop quantitative measures of progress to-
wards (or away from) sustainability. In agriculture and re-
lated natural resource areas, the emergence of the concept
of soil quality has been a major step in the deve l o p m e n t
of these quantitative measures. Soil quality (like sustaina-
bility) has many definitions, but is defined for this paper
as the capacity of a soil to function both within its ecosys-
tem boundaries and in relation to the environment ex t e r-
nal to that ecosystem (Larson and Pierce, 1994). Impro-
vements in (or at least maintenance of) soil quality is
v i ewed as positive step towards sustainability, wh e r e a s
deterioration of soil quality clearly militates against the
a c h i evement of sustainability.
Considerable effort has been spent on the develop-
ment of quantitative indicators to assess changes in soil
quality. 137Cs is, in many respects, ideally suited to be an
indicator of changes in soil quality. The specific process
that it measures (soil redistribution) is a major determi-
nant of changes in other significant soil quality indica-
tors, such as organic carbon and nutrient status. Moreo-
ver, it can be directly used to assess the effect of
terrestrial erosion on adjacent aquatic systems, as the
work of the IAEA Co-ordinated Research Project conti-
nues to demonstrate. Hence it appears to be a very logi-
cal inclusion in any listing of key indicators of changes
in soil quality.
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Lists of minimum data sets of soil quality indicators
h ave been developed by many authors (summarised by
C a rter et al., 1997) but the 1 3 7Cs technique is generally
not listed despite its apparent utility. In part, this may re-
flect that it is not as widely ava i l a ble as other, more basic,
techniques but it also reflects a lingering perception that
1 3 7Cs is highly va r i a ble and hence unreliable for these
measures. Recent summaries by authors such as Higgitt
(1995) and Va n d e n B y ga a rt et al. (1999) have corr e c t ly
pointed out the untested (and, in many cases, untestabl e )
assumptions that underlie the technique, but also act to
reinforce the perception of its unreliability.
C l e a r ly the assumptions behind the use of this techni-
que should be continually addressed, but its suitability as
an indicator should not be assessed in isolation from the
other common indicators. The purpose of this report is to
address the question: What is the variability of 1 3 7Cs con-
centrations relative to other, more common, indicators of
soil quality?
The simplest index of variability is the coefficient of
variation (CV), which is equal to the sample standard de-
viation/sample mean multiplied by 100 (to express it as a
percent). The CV can also be readily used to calculate the
number of samples required to estimate the mean within
g iven confidence limits. Wilding and Drees (1983) ex a-
mine a range of pedological characteristics and place
them into three arbitrary categories: least va r i a ble (CV's
< 15%), moderate (CV's 15-35%), and most va r i a bl e
(CV's > 35%).
S everal authors have examined the CV's of 1 3 7Cs refe-
rence sites (i.e., sites that have experienced no or ve ry mi-
nimal soil loss or gain since the 1950's) and the CV's at
these sites have generally fallen into the moderate cate-
g o ry. In an ex t e n s ive literature rev i ew of 1 3 7Cs va r i a b i l i t y
for reference sites in over 70 published studies, Sutherland
(1996) found a range of CV's from 1.5 to 86.4%. The me-
dian CV for the sites was 19.3% Cert a i n ly the higher va-
lues for CV are less typical. For example, at 13 reference
sites in New Zealand, Basher (1998) found a range of CV's
from 7 to 45 percent, but with a median value of 17%. 
S T U DY A R E A S
The comparison between the variability of 1 3 7Cs and
other indicators of soil quality is assessed in this paper
using data sets on the effects of agriculture on soil quality
indicators from two highly contrasting locations. The fi r s t
is a prev i o u s ly published examination at two research si-
tes (51º52'N, 104º55'W) in Saskatchewan, Canada (Pe n-
nock et al., 1994). The second is an ongoing Ph.D. re-
search project of Bertha K. Gana on changes in soil
quality due to fa rming practises in the semi-arid env i r o n-
ment of nort h e a s t e rn Ghana (10º45'N, 0º30'W).
The climate of the nort h e a s t e rn Ghana study area is
semi-arid with a total annual precipitation of 150 cm. It
has one rainy season and a marked gr owing season mois-
ture deficit (Adu, 1969). The soils of the study reg i o n
s h ow a definite relationship to topogr a p hy. The oldest sur-
Soil Propert y M e a s u r e m e n t 0 - Year Site 8 0 - year Site
U n i t ( N = 4 7 ) ( N = 4 2 )
M e a n C V M e a n C V
1 3 7C s Bq m- 2, 0-45 cm 2 1 9 4 2 3 . 7 1 9 9 5 5 3 . 8
Soil Organic Carbon Mg ha- 1, 0-15 cm 6 8 . 2 1 5 . 6 4 6 . 6 3 1 . 5
Soil Nitrog e n Mg ha- 1, 0-15 cm 1 1 . 0 1 4 . 5 8 . 4 6 1 . 9
p H 6 . 8 4 8 . 6 7 . 5 8 6 . 1
A horizon T h i c k n e s s c m 2 0 . 5 5 3 . 5 1 5 . 9 5 0 . 9
Depth to CaCO3 c m 3 5 . 1 7 3 . 8 3 4 . 9 1 0 6 . 5
S a n d %, 0-15 cm 4 2 . 3 1 1 . 3 4 7 . 0 7 . 1
S i l t %, 0-15 cm 1 9 . 6 1 9 . 2 1 8 . 8 1 2 . 2
C l ay %, 0-15 cm 3 8 . 0 1 4 . 8 3 4 . 1 9 . 9
Bulk Density g cm- 3, 0-15 cm 1 . 0 5 1 1 . 3 1 . 3 9 7 . 1
Ta ble 1. Mean values and coefficient of variation for soil quality indicators measured at the Lanigan, Saskatche-
wan research sites.
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faces occur on the uplands and are dominated by A l fi s o l s
with ferruginous concretionary B-horizons. On yo u n g e r
s u r faces, Alluvisols or colluvial soils occur those have
we a k ly expressed profile characteristics. The soils of the
youngest surfaces are dominantly gr ay, poorly drained
alluvial clays. 
The agriculture in the area is mainly subsistence. T h e-
re are two types of fa rms - compound fa rms located
around the house and bush fa rms located 2 to 10 kilome-
ters away from the village. The compound fa rms are small
(about 1 ha or less) and are continuously cultivated with
f e rtility being maintained by use of household refuse and
human and animal wastes. Bush fa rms are between 1 - 2
ha. On the bush fa rms, no manure is applied and the fer-
tility is (ideally) restored naturally through fa l l ow. Crops
gr own include early and late millet, sorghum, cow p e a s ,
veg e t a bles and rice.
The sampling sites were located at or near the village
of Ku gri. One uncultivated site (UC) was located and
used as the primary reference site. A site that had not
been cultivated for 50 years (LTF1) was also used as a re-
ference site. For this report one compound fa rms (CF2)
and one short - t e rm fa l l ow bush fa rm (STF3) are presen-
ted. These two sites had CV's in the mid-range for their
land use group of sites.
The two reference sites were sampled with a 4 x 3 gr i d
with a spacing of 25 m between sampling points. At the
c u l t ivated sites a 3 x 3 sampling grid was laid out with the
same sample spacing. A topographic survey of each site
was completed with an A b n ey level. A soil observation pit
was dug at each sampling point, and soil samples were ta-
ken using a fi xed volume sampler in 5-cm deep incre-
ments. Bulk horizon samples were also taken for horizons
beneath the main sampling laye r s .
The two sites used in used for the southern Saskat-
c h ewan study area are from a gently rolling, hummocky
till surface. The two sites are located 1.5 km from each ot-
her on a continuous till surface. The reference site has ne-
ver been cultivated (0-year site), and the cropped site had
been cultivated in a wh e a t - fa l l ow rotation for 80 years at
the time of sampling (80-year site). Complete site des-
criptions and methodology is contained in Pennock et al.,
1994. 
At each of sites, a 400 m by 400 m section of the fi e l d
was selected and a square or rectangular grid with a set
spacing of 20 m between sample stations was laid out on
the surface. At each of the sampling stations a soil column
was described and a truck-mounted hydraulic coring de-
vice was used to extract three 7.2-cm-diameter soil cores.
Three samples were taken from each core (0 to 15 cm, 15
to 30 cm, and 30 to 45 cm) and were then bu l ked to ma-
ke a composite sample for that depth increment. Grain si-
ze was assessed using the modified pipette technique. 
The soils at each sampling point were described and
c l a s s i fied using the Canadian System of Soil Classifi c a-
tion. The Canadian classes can for the most part be di-
r e c t ly correlated with an appropriate Soil Ta x o n o my
class. The dominant soil order at the study sites is the
C h e rnozemic Order, which is equivalent to the Boroll
sub-order of the Mollisol Order. The Regosolic Order co-
Soil Propert y M e a s u r e m e n t U C LT F 1 C F 2 S T F 3
U n i t ( n = 1 2 ) ( n = 1 2 ) ( n = 9 ) ( n = 9 )
M e a n C V M e a n C V M e a n C V M e a n C V
1 3 7C s Bq m- 2, 0-25 cm 9 2 5 . 1 2 1 . 3 9 0 1 . 4 2 2 . 7 4 6 6 . 9 2 0 . 0 5 2 4 . 6 4 1 . 2
Soil Organic Carbon Mg ha- 1, 0-10 cm 2 3 . 0 3 3 . 9 1 1 . 0 3 7 . 6 4 . 7 4 9 . 0 6 . 9 6 4 1 . 2
Soil Nitrog e n mg kg- 1, 0-10 cm 1 5 4 9 3 3 . 2 7 4 3 . 1 2 5 . 2 4 3 2 . 3 2 9 . 5 4 9 9 . 8 1 8 . 0
p H 0-10 cm 7 . 4 4 . 1 7 . 3 5 . 4 6 . 9 1 0 . 1 7 . 0 1 . 4
Base saturation %, 0-10 cm 9 2 . 3 5 . 2 7 5 . 5 1 1 . 2 8 2 . 4 3 . 7 7 7 . 2 2 4 . 0
Percent concretions 0-10 cm 7 . 4 6 4 . 9 2 4 . 0 3 4 . 2 1 2 . 6 1 6 . 8 2 1 . 0 9 0 . 1
S a n d %, 0-10 cm 6 9 . 0 9 . 1 7 5 . 0 7 . 1 8 5 . 0 3 . 3 7 7 . 0 3 . 9
S i l t %, 0-10 cm 1 9 . 0 1 0 . 2 1 7 . 0 2 3 . 1 1 2 . 0 2 5 . 1 1 8 . 0 1 6 . 8
C l ay %, 0-10 cm 1 2 . 0 3 2 . 6 8 . 0 2 5 . 0 3 . 0 2 3 . 1 5 . 0 8 . 3
Bulk Density(soil fi n e s ) g cm- 3, 0-10 cm 1 . 4 5 8 . 1 1 . 2 7 6 . 9 1 . 5 2 5 . 9 1 . 3 7 5 . 1
Table 2. Mean values and coefficient of variation for soil quality indicators measured at the northeastern Ghana research
sites.
rrelates to the Entisol Order. Soils of the Gleysolic Order
are influenced by reducing conditions for at least part of
the ye a r, and no direct equivalent at the Order level ex i s t s
in Soil Ta x o n o my. 
M ATERIALS AND METHODS
Each soil sample was air- d r i e d, we i g h e d, and the ag-
gr egates were broken using a mortar and pestle. For the
Ghanaian samples, the larger concretions were remove d
by hand and the smaller ones were separated after pas-
sing the soil through a 2 mm mesh sieve. The concre-
tions were weighed and the percentage of concretions in
each sample was calculated on a weight basis. The bu l k
density and porosity of the concretions were determ i n e d
using a py c n o m e t e r. The bulk density of the concretions
was used to correct the whole-soil bulk density for the
presence of concretions using the method of Vincent and
Chadwick (1994). 
Pa rticle size analysis was completed using a modi-
fied pipette method. Soil pH and electrical conductiv i t y
were determined on a 1:2 water ratio sample using stan-
dard equipment. Total carbon was measured by a LECO
CR 12 Carbon determinator at 1100ºC and organic car-
bon was determined at 840ºC on the same equipment;
i n o rganic carbon was calculated as the difference bet-
ween the two methods. Base (Ca, Mg, K, Na, Mn) and
acid (Al) cations were extracted using unbu ffered 1.0 M
N H4Cl (at pH 5.0) and eff e c t ive cation exchange capa-
city was calculated by the summation of base and acid
cations. Atomic absorption spectrophotometry was used
to measure Ca, Mg, Mn, and Al and ex c h a n g e a ble Na
and K were measured by flame spectrophotometry. To t a l
N and P were extracted by H2S O4- H2O2 digestion and P
and N measured by colorimetry.
1 3 7Cs was measured by gamma spectroscopy. Soil
samples were put into 1-L Marinelli beakers for equili-
bration and placed over a high-purity coaxial germ a-
nium crystal enclosed in a 10-cm Lucite-lined castle
connected to a Canberra Series 35 Plus Multi-Channel
a n a ly z e r. 1 3 7Cs activity concentration per unit mass (Bq
k g- 1) was determined by counting the 662 keV ga m m a
emissions after a 2 to 21 hour counting interval. To t a l
a c t ivity of the sample was conve rted to total areal acti-
vity using the corrected bulk density and the sampling
depth. For the Ghanaian samples, a series of 1 3 7Cs analy-
sis were run on different sized fractions of the concre-
tions; no measurable 1 3 7Cs was detected for the concre-
tions. 
R E S U LTS AND DISCUSSION
The CV's for 1 3 7Cs at the three reference sites (0-ye a r
site, Ta ble 1 and UC and LTF2, Ta ble 2) are only slightly
higher than the median value of 19.3% CV's assessed by
Sutherland (1996) in his literature rev i ew. The CV's in-
crease gr e a t ly for the cultivated site in Saskatchewan (Ta-
ble 1) and for site STF3 in Ghana (Ta ble 2). This increa-
se is typical for a surface undergoing redistribution of soil
- soil loss extends the 1 3 7Cs range towards lower va l u e s ,
whereas the concentration of sediment in a limited area of
the field causes a few sampling points to have concentra-
tions signifi c a n t ly higher than those found at the referen-
ce site. This increase does not occur at CF2. In this case,
the values for 1 3 7Cs at all sampling points were well be-
l ow the values of both reference sites, indicating that all
sampling points experienced soil loss. The net ex p o rt
from the field was ve ry high, and the spread of values wa s
c o rr e s p o n d i n g ly low.
For the sites in Saskatchewan, the CV for 1 3 7Cs is
m a rg i n a l ly higher than those for the soil biochemical
(SOC, nitrogen) and physical (particle size and bulk den-
sity) but well below those for the soil morp h o l ogical pro-
p e rties (depth to calcium carbonate and A horizon thick-
ness). Both of the latter have been used as surr ogates for
soil erosion but their use has been justifi a bly criticized
( Pennock, 1997). 
The CV of 1 3 7Cs at the reference sites in nort h e a s t e rn
Ghana is well below that for the soil biochemical proper-
ties (Ta ble 2). A major soil morp h o l ogical property of in-
terest in soil quality inve s t i gations in these soils is the
concretion content of the upper soil and again this has a
CV substantially greater than that for 1 3 7Cs. The great va-
riation in concretion content indicates the ve ry complex
g e o m o rphic history of land surfaces in this area. The va-
riability in soil pH and base saturation of these soils is
ve ry low and the levels of both properties are anoma-
l o u s ly high for sub-tropical soils generally. The soils of
the study area receive annual inputs of bases from the
H a rmattan dusts and this maintains the base content and
bu ffering capacity at high levels. The soils throughout the
study region are dominated by sand, and the CV for the
sand fraction and the soil bulk density are ve ry low.
C O N C L U S I O N S
O verall the CV's for the major indicators of soil qua-
lity at both study areas fall into the moderate class of Wi l-
ding and Drees (1983) (i.e., between 15-35%). Hence the-
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re is no evidence that the variability of 1 3 7Cs is any gr e a-
ter than for the other commonly measured soil indicators,
and its variability should not preclude its inclusion as an
indicator of soil quality. Wilding and Drees (1983) sug-
gest that between 10 to 25 samples must be taken for pro-
p e rties in the moderately va r i a ble group for a 95% confi-
dence interval within ±10% of the mean. Hence the
sampling requirements for 13 7Cs are no different than for
the other major indicators. Indeed, given its usefulness as
an indicator of trends and patterns in soil erosion (perhaps
the major determinant of soil quality changes in many en-
vironments), its inclusion in regional and national pro-
grams should be strongly advocated. 
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